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(54) Abstraf^ Title: Mono - diameter wellbore casing 

(57) A tubular structure positioned in a borehole within . 
a subterranean formation comprises a first tubular 
member 115, and a second tubular member 210 
coupled to and overlapping with the first member 
115, the second tubular member beitig coupled to 
the first by the process of installing the second 
tubular member 210, an expansion cone 205, and a 
shoe 216 that defines an interior region for 
containing fluidic materials in the borehole, radially 
expanding at least a portion of the shoe 215 by 
injecting a fluidic material into the shoe, and . 
radially expanding at least a portion of the second 
tubular member 210 by injecting a fluidic material 
into the borehole below the expansion cone. The 
expanded tubular member has the same inner 
diameter as the non-overlapping portion of first 
(pre-existing) tube 115 after expansion. The 
procedure may be repeated with further tubes 210. 




O 
DO 

to 

CO 



Original Printed on Recycled Paper 




1/29 




2/29 




■FD6.2b 



3/29 



215 



220 




215c 



FIG. 2c 




FIG. 2d 



4/29 




5/29 




230 

HG. 3a 




7/29 




8/29 




i1/29 . 




13/29 




16/29 




FIG. 12 



17/29 



305 




FIG. 12b 
18/29 



305 



310 




305c 



FI6.12e 



305a 




305b 



FIG. 12d 



19/29 




20/29: 



306bf 306boJJ^ 



305a 




305b 



Fl&13a 



21/29 




22/29 




23/29 




24/29 




26/29 




27/29 




29/29 



. 2403970 

1 

.^yONO-DIAMETERWELLBORE CASING 
Cross Reference To Related Applications 
This application Is a continuationHn-part of U.S. utility application serial numt}er 
09/454,139, attorney docket number 25791.3.02, filed on 12/3/1999, wtiich daimed the 
5 benefit of the filing date of U.S. provisional patent application serial number 

60/1 1 1,293, attorney docket number 25791.3. filed on 12/7/1998. the disclosures of 
which are incorporated herein by reference. 

This application is related to the foltowing: (1) U.S. patent application serial no. 
09/454,139. attorney docket no. 25791 .03.02, filed on 12/3/1999, (2) U.S. patent 

10 a{q)lication serial no. 09/510,913. attorney docket no. 25791.7.02, filed on 2/23/2000, 
(3) U.S. patent appllcatioin serial no. 09^02,350, attorney docket no. 25791.8.02, filed 
on 2/10/2000. (4) U.S. patent application serial no. 09/440,338. attorney docket no. 
25791.9.02, filed on 1 1/15/1999, (5) U.S. patent application serial no. 09/523,460. 
attmney docket no. 25791 :i1 .02, filed on 3/10/2000. (6) U.S. paterrt appflcatkwi serial 

15 no. 09/512,895. attorney docket no. 25791 .12.02. filed on 2/24/2000. (7) U.S. patent 
appRcatton serial no. 08/51 1 .941 . attorney docket no. 25791.16.02, filed on 2/24/2000, 
(8) U.S. patent appHratkNi serial no. 09/588.946. attorney docket no. 25791 .17.02. filed 
on 6/7/2000. (9) U.S. patent appHcatton serial no. 09/559.122, attorney docket no. 
25791.23.02, filed on 4/26/2000. (10) POT patent application serial no. 

20 PCrAJSOO/18635. attorney docket no. 25791.25.02. filed on 7/8/2000. (1 1) U.S. 

pnwisionai patent appik»tk)n serial no. 60/162.671. attorney docket no. 25791.27. filed 
on 11/1/1999. (12) U.S. provlstonal patent application serial no. 60/154,047. attorney 
docket no. 25791 .29, filed on 9/16/1999; (13) U.S. provisional patent applkatkm serial 
no. 60/159,082, attorney docket no. 25791.34, filed on 10/12/1999. (14) U.S. 

25 provistonal patent appllcatkm serial no. 60/159,039, attorney docket no. 25791.36. filed 
on 10/12/1999, (15) U.S. provisional patent application serial no. 60/159,033. attorney 
docket no. 25791.37, filed on 10/12/1999, (16) U.S. provisional patent application serial 
no. 60/212,359, attorney docket no. 25791 .38. filed on 6/19/2000, (17) U.S. provisional 
patent application serial no. 60/165,228, attorney docket no. 25791 .39, filed on 

30 1 1/12/1999, (18) U.S. provistonal patent application serial no. 60/221 ,443, attorney 
docket no. 25791.45, fited on 7/28/2000. (19) U.S. provisional patent application serial 
no. 60/221.645, attorney docket no. 25791.46, filed on 7/28/2000, (20) U.S. provisional 
patent application serial no. 60/233.638, attorney docket no. 25791 .47, filed on 
9/18/2(XX), (21) U.S. provisional patent appllcatkm serial no. 60/237.334, attorney 

35 docket no. 25791 .48, filed on 10/2/2000. and (22) U.S. provisional patent applicatkm 
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serial no. 60/262.434, attorney docket no. 25791 .51 . filed on 1/17/2001 , the disclosures 
of which are Incorporated herein by reference. 

Background of the Invention 
This inventk)n relates generally to wellbore casings, and in particular to wellbore 

5 casings that are formed using expandable tubing. 

Conventionally, when a wellbore is created, a number of casings are installed in 
the borehole to prevent oollapse of the borehole wall and to prevent undeslred outflow 
of drilling fluid into the fonnation or inflow of fluid from the fbnnation into the borehole. 
The borehote is drilled in intervals whereby a casing which is to be installed In a lower 

10 borehole interval Is lowened through a previously installed casing of an upper borehole 
inten^l. As & consequence of this procedure the casing of the lower inten^al Is of 
smaller diameter than the rasing of the upper inten/al. Thus, the casings are in a 
nest^arr«rigenrient with casing dianieters decreasing in downward dire^^ Cement 
annuii are provided between the outer surfeces of the casings and the borehole waH to 

15 seal the casings from the bonshola wsdi. As a consequence of this nested arrangentent 
a relatively large borehole dianrieter is required at the upper part d Such 
a large borehole diameter tnvoh^ increased costs due to heavy dasing handling 
equipnrent large drill bits and increase volumes of drilling fluid and drill cuttings. 
Mweover, increased drilling rig tinfie is invoh/ed due to required cement pumping, 

20 cement hardening* required equipment changes due to large variattons in hole 

diantatars drilled in the pourse of the well, and the large volume of cuttings drilled and 
removed. 

The present inventton is directed to overcoming one or more of the limitations of 
the existing procedures for forming new sections of casing in a wellbore. 
25 Summary of the Invention 

According to one aspect of the present invention, an apparatus for fomning a 
wellbore casing in a borehole located in a subtenanean formation including a 
preexisting wellbore casing is provided that includes a suppol member including a first 
fluid passage, an expansion cone coupled to the support member including a second 
30 fluid passage fluldidy coupled to the first fluid passage, an expandable tubular liner 
movably coupled to the expansion cone, and an expandable shoe coupled to the 
expandable tubular liner. 

According to another aspect of the present invention, a shoe is provided that 
includes an upper annular portion, an intermediate annular portion, and a lower annular 
35 portion. The intenmediate annular portion has an outer circumference that is larger 
than the outer drcumferenoes of the upper and lower annular portions. 
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According to another aspect of the present Invention, a method of forming a 
wellbore casing In a subterranean fomiation having a preexisting wellbore casing 
positioned in a borehole is provided that includes installing a tubular liner, an expansion 
cone, and a shoe In the borehole, radially expanding at least a portion of the shoe by 
5 InjecUr^ a fluidic material into the shoe, and radially expanding at least a portion of the 
tubular liner by Injecting a fluidic material into the borehole below the expansion cone. 

According to another aspect of the present invention, an apparatus for forming 
a wellbore casing in a subterranean fonnation having a preexisting wellbore casing 
positioned in a borehole is provided that includes means for installing a tubular liner, an 
10 expansion cone, and a shoe in the borehole, means for radially expanding at least a 
portim of the shoe, and means for radially expanding at least a portion of the tubular 
liner 

According to another aspect of the present invention, an apparatus for Ibnming 
a wellbore casing within a sut^terranean fonratlon Including a preexisting weMbore 

15 casing positioned In a borehole is provided that Includes a tubular liner, and msans for 
radially expanding and coupling the tubular Hner to an overlapping portion of the 
preexisting weilbora aslng. The inside diameter of the radially expanded tubular liner 
is substahtiaily equal to the Inside diameter of a non-overlapping portion of the 
preexisting wellbore casing; 

20 According to another aspect of the presmt Invention, a wellbore casing 

positioned In a borehole within a subterranean fonfnation is provided that indikles a first 
wellbore casing, and a second wellbore casing coupled to and overlapping with the first 
wellbore casing. The second wellbore casing is coupled to the first wellbore casing by 
the process ofi installing the second wellbore casing, an expanskin cone, and a shoe in 

25 the borehole, radially expanding at least a portion of the shoe by Injecting a fluidic 
material into the shoe, and radially expanding at least a portion of ttie second wellbore 
casing by Injecting a fluidic material into the borehole below the expansion cone. 

According to another aspect of the present invention, a method of forming a 
tubular structure In a subterranean fonnation having a preexisting tubular member 

30 positioned in a borehole is provided that includes Installing a tubular liner, an expansiori 
cone, and a shoe In the borehole, radially expanding at least a portion of the shoe by 
injecting a fluidic material into the shoe, and radially expanding at least a portion of the 
tubular liner by injecting a fluidic material into the borehole below the expansion cone. 
According to another aspect of the present invention, an apparatus for forming 

35 a tubular structure in a subtenrariean formation having a preexisting tubular member 
positioned In a borehole is provided that Includes means for Installing a tubular liner, an 
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expansion cone, and a shoe in the borehole, means for radially expanding at least a 
portion of the shoe, and means for radially expanding at least a portion of the tubular 
liner. 

According to another aspect of the present invention, an apparatus for forming 
5 a tubular stnicture within a subterranean fonnation including a preexisting tubular 
member posWonad In a borehole Is provided that Includes a tubular liner and means for 
radially expanding and coupling the tubular liner to an overlapping portion of the 
preexisting tubular member. The Inside diameter of the radially expanded tubular liner 
Is substantiaily equal to the inside diameter of a non-overlapping portion of the 
10 preexisting tubular member. 

Aooording to another aspect of the present invention, a tubular stmcture 
posRkmed in a borehole within a subterranean formation is provided that includes a first 
tubular mambar and a second tubular member coupled to and overiapping YtHXti the first 
tubular msmbar. The second tubuteu- member Is coupled to the first tutwiar member by 
IS the process o^in^lHng the second tubular member, an exparislon cone, and a shoe 
in the borehole, radiaBy expanding at least a portion of the shoe by injectii^ a fluidic 
inaterial Into the shoe, fiind radiafly atqsanding at least a portton of the second tubu^ 
msmber by lf\je<^ a fluidic material into the borahoie below the e)qf)ans!on cone. 

Brief D^cription of the Drawings 
20 FIG. 1 is a freomentary cross-sectional view illustFating tiie drflling of a new 

section of a well borehole. 

FIG. 2 is a fingmentaiy cross-sectional view illustrating the placement of an 
embodiment of an apparatus for creating a monoKliameter wellbore casing wittdn the 
new section of the weli boreiiole of FIG. 1 . 

25 FIG. 2a is a cross-secOonal view of a portion of the Shoe of the apparatus of 

FIG.2. 

FIG. 2b is a cross-sectionai view of another portion of theshoe ortheapi»ratus 
of FIG. 2, 

FIG. 2c is a cross-sectionai view of another portion of the shoe of the apparatus 
30 of FIG. 2. 

FIG. 2d is a cross-sectional vtew of another portion of the shoe of the apparatus 
of FIG. Z 

FIG. 2e is a cross-sec^onal view of a portion of the shoe of the apparatus of 
FIG. 2a 
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FIG. 3 is a fragmentary cross-sectional view illustrating the Injection of a 
hardenable fluidic sealing material through the apparatus and into the new section of 
the well borehole of FIG. 2. 

FiG. 3a Is a cross-sectional view of a portion of the shoe of the apparatus of 

5 FIG. 3. 

FIG. 3b is a cross-sectional view of a portion of the shoe of the apparatus of 
FIG,3a. 

FfG. 4 Is a fragmentary cross-sectional view illustrating the injection of a fluldic 
material into the apparatus of FIG. 3 in order to fluididy isolate the interior of the shoe. 
1 0 FIG. 4a is a cross*sectional view of a portion of the shoe of the apparatus of 

FIG. 4. 

FIG. 4b is a cross-sectionaf view of a portion of the shoe of the apparatus of 
FIG. 4a. 

FIG. 5 is a cross-sectional view illusfrating the radial expansion of the shoe of 

15 FIG. 4. 

FIG. 6 is a cross-sectional view illustrating the towering of the estpandable 
expansion cone into the redteiHy expanded shoe of the appsnatus cS FIG. 5. 

FIG. 7 is a cre^s^sedimal view illustrating the expansion of the expandable 
expansion icone of the apprntus of FiG. 6. 
20 FIG. 8 is a crass-eecaonaJvisw Illustrating the 

the radially expanded shos of the apparatus of FIG. 7. 

FIG. 9 is a ooss-sectionai view niustrating the completion of th^ 
«(pansion of the eKpandal)le lulMilar member of the apparatus of FIG. 8. 

FIG. 10 is a cross-sectional vle«v illustrating the removal of the Ijottom portion dl 
25 ttie radially expanded shoe of the apparatus of FIG. 9. 

FIG. 1 1 1s a cross-secUonai view illustrating the fonnation of a mono-diameter 
welltiwe casing that includes a plurality of overlapping monodlametsr wsilt}ore 
casings. 

FIG. 12 Is a fragmentary cross-sectional view illustrating the placement of an 
30 alternative emiwdiment of an apparatus for creating a rnono-diamstervveilttors casing 
within tt» wellbore of FIG. 1 . 

FIG. i2a is a cross-secttonal view of a portion cS the shoe of ttie apparatus of 
FIG. 12. 

FIG. 12b is a ooss-sectional view of a portion of the shoe of the apparatus of 
35 FIG. 12. 
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FIG. 1 2c is a cross-sectional view of another portion of the shoe of the 
apparatus of FIG. 12. 

FIG. 12dls a cross-sectional view of another portion of the shoe of the 
apparatusof FIG. 12. 
5 FIG. 1 3 is a fragnientary cross-sectional view illustrating the injection of a 

hardenable fluidic sealing niaterial through the apparatus and into the new section of 
the wall IXTOhote of FIG. 12. 

FIG. 1 3a is a cross-sectional view of a portion of the shoe of the apparatus of 
FIG. 13. . 
1 0 FIG. 14 is a fragmentary cross-sectional view illustrating the injection of a fluldic 

material Into the apparatus of FIG. 13 in order to fluididy isolate the interior of the shoe. 

FIG. 14a is a cross^eecHonal view of a portion of the shoe of the apparatus of 
FIG, 14. 

FIG. 15 is a cvx>ss-sectional view Hlustrating the radial expansion of the shos of 
15 FIG. 14. 

FIG. 16 is a cross-sectional view illustrating the lowering of the expandabte 
expansion cone into the radtaliy expanded shoe of the apparatus of FIG. 15. 

FIG. 17 Is a cross-sedibnal view Illustrating the expansion of the expandable 
expansion cone of the apparatus of FIG. 16. 
20 FIG. 1 8 Is a cross-sectional view illustrating the injection of fluidic material Into 

the rsdially expanded shoe of the apparatus of FIG. 17. 

FIG. 19 is a cross^eectional view illustrating the completion of the radial 
expansion of the expandable tubular nrmnber of the apparatus of RG. 18. 

FIG. 20 is a cross-sectional view illustrating the removal of the bottom portion of 
25 the radially expanded shoe ofthe apparatus erf FIG. 19. 

Detailed Desicription of the Illustrative Embodiments 
Refenring Initially to FIGS. 1 , 2, 2a, 2b, 2c 2d, 2e, 3. 3a. 3b, 4. 4a. 4b, and 5- 
10, an embodiment of an apparatus and method for forming a mOTo-dian^ter wellbore 
casing within a subterranean fomiation will now be described. As illustrated in Fig. 1 , a 
30 wellbore 100 is positioned in a subterranean formation 105. The wellbore 100 indudes 
a pre-existing cased section 1 10 having a tubular casing 11 5 and an annular outer 
layer 120 of a fluidic sealing material su(di as, for example, cement. The wellbore 100 
may be positioned in any orientation from vertical to horizontal. In several alternative 
emt)odlments, the pre-existing cased section 110 does not include the annular outer 
35 Iayer120. 
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In order to extend the wellbore 100 into the subterranean fonnation 105. a drill 
string 125 is used in a well known manner to drill out material from the subterranean 
formation 105 to fbm a new wellbore section 1 30. In a preferred embodiment, the 
inside diameter of the new wellbore section 1 30 is greater than thejnside dlanleter of 
5 the preexisting mllbore (Casing 115. 

As Illustrated In RGS. 2. 2a. 2b. 2c 2d. and 2e. an apparatus 200 for fomiing a 
wellbore casing in a subterranean fonnation is then positioned in the new section 130 
of the wellbOTB 100. The apparatus 200 preferably Includes an expansion cone 205 
having a fluid passage 205a that supports a tubular member 21 0 that includes a lower 
10 portion 210a, an Inteirmsdiate portion 210b, an upper portion 210c. and an upper end 
portion210d. 

The expansion cone 205 may be any number of conventional commercially 
available expansion cones. In several alternative embodiments, the expansion cone 
205 may be controllably expandable in the radial dirsction. for example, as disclosed in 
15 U.S. patent nos. 5,348.095. andtor 6.012,523, the disdosunse of «/hich are 
inoorpcrated heroin by rsfersnce. 

The tubular msmbsr 210 may be fabricatsd from any number of conventional 
oommarotaliy avaHai^ materials such as. for example. Ollfleld Country Tubular Goods 
(OCTG), 13 chromium steel tubing/casing, or plastic tubing/casing. In a prefisrred 
20 embodiment, the tubular msmber 210 Is fabricated from OCTG in order to maximize 
strength after expansion. In several aKemative embodiments, the tubular member 210 
may be solid and/or slotted. For typical tubular member 210 materials, the length of 
the tubular member 210 is prsferably limited to between about 40 to 20.000 feet in 
length. 

25 The lower portion 210a of the tubular member 21 0 preferably has a larger 

Inside diameter than tira upper pwtion 21 Oc of the tubular member: in a prefened 
embodimant the wall thickness of the Intermediate portion 21 Ob of the tubular member 
201 is less than the wall thickness of the upper portion 21 Oc of the tubular member In 
order to facilitate the lnitiatk>n of the radial expansion process. In a preferred 

30 embodiment, the upper end portion 210d of the tubular member 210 Is slotted. 

perforated, cr otheratee modified to ratch or slow down the expansfon cone 205 when 
it completes the extruskm of tubular member 21 0. In a prefenred embodiment, wall 
thickness of the upper end portion 21 Od of the tubular member 21 0 is gradually tapered 
In order to gradually reduce the required radial expansion forces during the latter 

35 stages of the radisd expansion process. In this manner, shock toading conditions 
during the latter stages of the radial expanston process are at least minimized. 
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A shoe 21 5 is coupled to the lower portion 21 Oa of the tubular member. The 
shoe 215 includes an upper portion. 215a. an Intermediate portion 215b, and lower 
portion 21 5c having a valveable fluid passage 220 that is preferably adapted to receive 
a plug, dart, or other similar elenwht for controllably sealing the fluid passage 220. In 
5 this manner, the fluid passage 220 nf»y be optimally sealed off by Introducing a plug, 
dart and/or ball sealing elements into the fluid passage 220. 

The upper and lower portions, 215a and 215c, of the shoe 215 are preferably 
substantially tubular, and the Intemiediate portion 215b of the shoe Is preferably at 
least partialiy folded Inwardly. Furthermore, In a preferred embodiment, when the 

1 0 intermediate portion 21 5b of the shoe 215 is unfolded by the application of fluid 

pressure to the Interior region 230 of the shoe, the inside and outside diameters of the 
intermediate portion are preferably both greater than the inside and outside diametare 
of the upper and lower portions, 215a and 21Sa in this manner, the outer 
circumference of the Intemiediate portion 215b of the shoe 215 Is preferably greater 

1 5 than the outeide drcumfBrances of this upper and lovver portions. 21 5a and 21 5b. of the 
shoe. 

in a prefened embodlnient. the shoe 215fuither includes one or miDre through 
and 8ids outlet ports In fluldic communication v<^ the fluid passage 220. inthte 
manner, the shoe 215 optimal^ Injecte hardenabfe fluldic sealing material into the 
20 raglon outeide the shoe 215 and tubular member 210. 

in an alternative embodiment, the flow passs^e 220 Is omitted. 

A support member 225 having fluid passages 225a and 22Sb Is ooupfed to the 
expansion cone 205 for siq)porting the apparatus 200. The fluid passage 22Sa is 
preferably fluidldy coupled to the fluid passage 205a. In this manner, fluidic materials 
25 may be convej^ to and flrom the region 230 below the expansion cone 205 and above 
the bottom of the shoe 215. The fluid passage 225b is preferably flukfldy coupled to 
the fluid passage 225a and Includes a conv^onal control vdve. in this manner, 
during placement of the apparatus 200 within the wellbore 100, surge pr^suros can be 
relieved by the fluid passage 225b. In a preferrad embodimsnt, the support member 

30 225 further Includes one or more conventionaicentranzBrs (not Illustrated) to help 
stebilize the apparatus 200. 

During placement of the apparatus 200 within the wellbore 100, the fluid 
passage 225a is preferably selected to transport materials such as, for example, drilling 
mud or formatipn fluids at flow rates and pressures ranging firom about 0 to 3.000 
35 galions/hilnute and 0 to 9,000 psi in order to minimize drag on the tubular member 
being run and to mlhlmize surge pressures exerted on the wellbore 130 which oould 



9 



cause a loss of wellbore fluids and lead to hole cdlapse. During placement of the 
apparatus 200 within the wellbore 100. the fluid passage 225b is preferably selected to 
cx)nvey fluldic materials at flow rates and pnassunes ranging from about 0 to 3,000 
gallons/minute and 0 to 9.000 psi in order to reduce the drag on the apparatus 200 
5 during insertion Into the new section 1 30 of the wellbore 1 GO and to minimize surge 
pressures on the new wellbore section 1 30. 

A cup seal 235 is coupled to and supported by the support member 225. The 
cup seal 23S prevents foreign materials from entering the interior region of the tubular 
member 210 adjacent to the expansion cone 205. The cup seal 235 may be any 

10 number of oonventipnal commercially available cup seals such as, for example. TP 
cups, or Selective Injection Packer (SIP) cups modified in accordance with the 
teachings of the present disclosure. In a pneferred embodiment, the cup seal 235 is a 
SIP oup seal, avaHable from Halliburton Energy Services in Dallas, TX in order to 
optinraily block foreign n^riai and contain a body of lubrica In eevervil attemative 

15 embodiments, the cup seal 235 may include a plurality of cup seals. 

One or more sealing mernbers 240 are preferably coupled to and supported by 
the eicierior surface of the upper end portton 210d of the tubular nrtember 210. The 
sealing members 240 preferably provide an overlappir^ joint between the tower end 
portion 115a of the casing 115 and the upper end portton 210d of the tubular member 

20 210. The sealing members 240 may be any number of |^^^^onal commercially 
available seals such as. for example, lead, rubber, TeRomor epoxy seals modified in 
accordance with the teachings of the present disdosure. In a prefenned embodiment, 
the sealing members 240 are molded from Stralatock epo3Qf available from Halliburton 
Energy Services in Dallas. TX in order to optimally provide a toad bearing interference 

25 fit between the upper end portion 210d of the tubular member 210 and the tower end 
portion 1 15a of the existing osir^ 1 15. 

In a preferred embodiment, the sealing members 240 are selected to optimally 
provide a sufficient frictional foroa to support the expanded tubular member 210 from 
the existing casing 115. In a prefened embodiment, the frictional force optimally 

30 provided by the sealing members 240 ranges from about 1 ,000 to 1 ,000,000 Ibf in 
order to optimally support the expanded tubular nnember 210. 

In an altemative embodiment, the sealing memt^rs 240 are omitted from the 
upper end portion 21 Od of the tubular member 210, and a load bearing metal-to-metal 
interferenoa fit is provkled between upper end portion of the tubular member and Vtxe 

35 towerend portton llSaoftheexistirig casing 115 by plastically deforming and radially 
expanding the tubular nnember into contact with the existing casing. 
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In a preferred embodiment, a quantity of lubricant 245 is provided in the annular 
region above the expansion cone 205 withlh the interior of the tubular member 210. In 
this manner, the extrusion of the tubular member 210 off of the expansion cone 205 is 
facilitated. The lubricant 245 may be any number °t^^^ntional commeidally 
5 available lubricants such as. for example. Lubriplat^lorinebaised lubricants, oil 
based lubricants or Climax 1500 Antlsieze (3100). In a prefened ©rhbodiment. the 
lubricant 245 Is Qimax 1500 Antisieze (3100) available from Climax Lubricants and 
Equipment Co. In Houston, TX In order to optimally provide optimum lubrication to 
fadiitate the expansion process. 
"•0 In a prslarred embodiment, the support member 225 Is tlxwoughly cleaned prior 

to iassembly to the remaining portions of the apparatus 200. In this manner, the 
introduction of foreign material into the apparatus 200 Is minimized. This minimizes the 
possibility of foreign malsriai cl(^ing the various flow passages and valves of the 
apparatus 200. 

15 in a preliarrBdentfndiment. before or after positioning tto apparatus 200 

the new section 130 of the vrallbore 100. a ooupie of vixallbore vduntes are diculatsd In 
order to ensure that no foreign materbls are localad within ttia vtreUbore 100 that might 

clog up the various flow passages and valves of the apparatus 2()0 and to ensure that 
no foreign material inteifares with the expansion process, 

20 As Illustrated In FIGS. 2 and ae. In a prafeirederribodlment. during piaoement 

of the apparatus 200 within the wellbore 100. fluidic materials 250 within the wallbore 

that are displaoad by the apparatus are at least partially conveyed through the fluid 
passages 220. 205a. 225a. and 225b. in this manner, surge pressures created by the 
placement of the apparatus within the weibonB 1 00 are reduced. 

25 As lilustreled in FIGS. 3. 3a. and 3b. the fluid passage 225b is then dosed and 

a hardenable fluidic sealing material 255 is then pumped from a surface location into 
the fluid passages 225a and 205a. The material 255 then passes from the fluid 
passage 205a into the interior region 230 of the shoe 215 below the expansion cone 
205. The n^terial 255 then passes from the interior ragion 230 Into the fluid passage 

30 220. The material 255 then exits the apparatus 200 and fills an annular region 260 
between the exterior of the tubular member 21 0 and the interior wall of the new section 
130 of the wellbore 100. Continued pumping of the material 255 causes the nmterial to 
fill up at least a portion of the annular region 260, 

The material 255 is prafsrebly pumped into the annular region 260 at pressures 

35 and flow rales rar^ing. for example, from about 0 to 5000 psi and 0 to 1.500 

gallonsAnin, respectively. .The Ofrtimum flow rate and operating prBssunas vary as a 



10 



IS 



11 

function of the casing and wellbore sizes, wellbore sedion length, available pumping 
equipment, and fluid properties of the fluidic material b^ug pumped. The optimum flow 
rate and operating pressure are preferably detemriined using conventionai empirical 
methods. 

The hardsnabia fluidic sealing material 255 may be any number of conventional 
commardally available hardenable fluidic sealing materials such as. for example, slag 
mbc cemsnt. latax or epo«y. In a prafemed embodiment, the hardenable fluidic sealing 
material 255 Is a blanded cement prepared specifically for the particular vaell section 
being drlKsd from Halliburton Energy Services In Dallas. TX In ortier to provide optimal 
support for tubular mennber 21 0 while also maintaining optimum flow characteristics so 
as to minimize dUncuHias during the displacement of cement In the affinular region 260. 
The optimum blend of the blended cement is preferably determlnad using conventional 
empiriraJ methods. In saviaralaMarnatlve embodiments, the hardenable fhildlc sealing 
material 255 Is oompressible before, during, or after curing. 

Tha anrwiar ragion 260 praferaWy Is filled with the material 255 In sufH^ 
quanttOas to ansuia that, upon radial expansion of the tubular member 210, the annular 
region 260 of the new aedion 130 of the wellbore 100 will be filled with the material 
255, 

In an alternative embodiment, the Irijeciion of the material 255 into the annular 

region 260 Is onriltted. or te provided after the radial expansten of the tubuta^ 
210. 

As Illustrated in FIGS. 4. 4a. and 4b. once the annular region 260 has been 
wtequately flited with the material 255. a plug 265. or other similar devioe. is Introduced 
into the fluid passage 220. thereby fluididy isolating the interior ragion 230 ftom the 
annular n^Son 260. In a prafemsd embodiment, a non-hardenabto fluidic material 270 
Is than pumped into the Interior region 230 causing the interior r^ion to pressurize, in 
this nanner, the Interior rsgkm 230 of the expanded tobuiar member 210 wfll not 
contain significant amounte of the cured material 255. This also reduoas and simplifies 
the cost of the entire prooass. Altematively. the material 255 may be used during this 
30 phase of the process. 

As Illustrated in FIG. 5, in a preferred embodiment, the continued injection of 
Ihe fluidic materlar 270 prassurlzes the r^ion 230 and unfolds the intern»diate portion 
215b of the shoe 215. In a praferrad embodiment, the outside diameter of the unfolded 
mtomiediate portion 215b of the shoe 215 is greater than the outelde diameter of the 
35 upper and lower portions. 215a and 215b. of the shoe. In a preferred embodiment, the 
Inside and outelde diametare of the unfolded intermediate portion 215b of the shoe 215 
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are greater than the inside and outside diameters, respectively, of the upper and lower 
portions, 215a and 215b, of the shoe. In a preferiBd emlxxliment, the inside diameter 
of the unfolded intennediate portion 215b of the shoe 215 is substantially equal to or 
greater than the inside diameter of the preexisting casing 1 1 5 in order to optimally 
5 fedlitate the fonnation of a nnono-diameter wellbor® casing. 

As illustrated in FIG. 6, in a preferred embodiment, the expansion cone 205 is 
then (Q^red into the unfolded intermediate portion 215b of the shoe 215. In a 
prsferred enibodinnent. the expansion cone 205 is lowered into the unfolded 
intanmediate portion 215b of the shoe 215 uritil the bottom of the expansion cone is 

10 proKifrate the tomr portton 215c of the shoe 215. In a preferred embodiment, during 
the kRs^ring of the expansion cone 205 Into the unfolded intennediate portion 21 5b of 
the shoe 215. the material 255 within the annular region 280 and/or the bottom of the 
mllbore section 130 mamtains the shoe 215 in a substantiaBy stationary position. 
As illustrated in FIG. 7. in a prefenred embodinnant, the outside diameter of the 

15 ^tpansion cone 205 is then increased. In a preferfed enlbodiment, the outside 
diameter of the expansion oone 205 is increased as disclosed in U.S. patent nos. 
5,348,095. and/or 6,012,523, the disclosures of which are incorporate herein by 
rsfersnoe. In a preferred embodiment, the outside diameter of the rediaNy expanded 
expansion cone 205 is substantially equal to the inside diameter of the pr^sting 

20 wailbore casing 115. 

In an attemativB embodiment the expansion cme 205 is not lowered into the 
radially expanded portion of the shoe 215 prior to being radially expanded. In this 
n^inner. the upper portion 210c of the shoe 210 may be radially expanded by the radial 
expansion of the expansion cone 205. 

25 In another alternative embodiment, the expansion oone 205 is not radially 

expanded. 

As Illustrated In FIG. 8, in a preferred embodlnftent, a fluidic material 275 is then 
injected Into the n^ion 230 through the fluid passages 225a and 205a. In a prefened 
embodiment, once the Interior region 230 becomes sufficiently pressurized, the upper 

30 portion 215a of the shoe 21 5 and the tubular member 210 are preferably plastically 
deformed, radially expanded, and extruded off of the expansion cone 205. 
Furthennore, in a prefened ehibodiment, during the end of the radial expansion 
process, the upper portion 21 Od of the tubular member and the lower portion of the 
preexisting cosing 115 that overiap with one another are simultaneously plastically 

35 deformed and radially expanded. Iri this manner, a mono-diameter wellbore casing 
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may be formed that includes the preexisting weilbore casing 1 1 5 and the radially 
expanded tubular member 210. 

During the extrusion process, the expansion cone 205 may be raised out of the 
expanded portion of the tubular member 210, In a preferred embodiment, during the 
5 extrusion process, the expansion cone 205 is raised at approximately the same rate as 
the tubular member 210 is expanded ih order to keep the tubular member 210 
stationary relative to the new weilbore section 130. In this manner, an overlapping joint 
between the radially expanded tubular member 210 and the lower portion of the 
preexisting casing 115 may be optimally fomied. Hn an alternative preferred 

10 embodiment, the expansion cone 205 is maintained In a stationary position during the 
Gxtru^ process thereby allowing the tubular member 21 0 to extrude off of the 
expansiori cone 205 and Into the nem weilbore section 1 30 urxier the foros of gravity 
and the operating pressure of the interior r^ion 230. 

In a preferred embodiment, when the upper eiid portion 210d of the tubular 

1 5 member 21 0 and the lower portion of the preexisting casir^ 11 5 that overiap with one 
another are plastiraliy deformed and radially expanded by the expansion cone 205, the 
expansion cone 205 is displaoad out of the wellbors 1 00 by both the operating 
pressure v^in the region 230 and a upwardly directed axial force applied to the 
tubular support member 225. 

20 The overfapping joint between the lower portion of the preexistings 

and the radially expanded tubular nnember 210 prsforabiy provides a gaseous and 
fluidic seal. In a particutaily pnafemed embodiment, the sealing members 245 optimally 
provide a fluidic and gaseous seal in the overiapfring joint. In an attemative 
embodiment, the sealing members 245 are omitted. 

25 In a prefened embodiment, the operating pressure and flow rate of the fluidic 

material 275 is controllably ramped down when the expansion cone 205 reaches the 
upper end portion 210d of the tubular member 210. In this manner, the sudden release 
of pressure caused by the complete extnjslon of the tubular member 210 off of the 
expansion cone 205 ran be minimized. In a prefenred embodiment, the operating 

30 pressura is reduced in a substantially linear fashion from 100% to about 10% during 
the erld of the extmslon process b^inning when the expansion cone 205 is within 
about 5 feet from completion of the extrusion process. 

Alternatively, or in combination, the wall thlcto)ess of the upper end portion 
21 Od of the tubular nrrenriber is tapered in order to gradually reduce the required 

35 operating pressure for plastically defomling and radially expanding the upper end 
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portion of the tubular member. In this manner, shock loading of the apparatus is at 
least reduced. 

Alternatively, or in combination, a shock absorber is provided In the support 
member 225 in order to absort) the shock caused by the sudden release of pressure. 
The shotit absort)er may comprise, for example, any conventwnal commercially 
available shock absortier, bumper sub, or jars adapted for use in wallbora operations. 

Alternatively, or in combination, an expanskMi cone catching structure is 
provided in the upper end portk)n 21 Od of the tubular member 210 in cider to catch or 
at least decelarata the expanston cone 205. 

In a prsferrod embodiment, the apparatus 200 is adapted to minimize tensile, 
burst, and frtction effiacts upon the tubular member 21 0 during the expansion process. 
These effects will be depend upon the geometry of the expansion cone 205. the 
material compositton of the tubular member 210 and expansion cone 205, the Inner 
diamater of the tubular member 21 0, ttie wall thtekness of the tubular member 21 0, the 
lype of lubricant, and the yieM strength of the tubular member 210. In general, the 
thicker the wail thickness, the smaller the Inner diameter, and the greater the yield 
strer^ of the tubular member 210. then the greater the operatir^ pressures required 
to extnide the tubular member 21 0 off of the expanskm cone 205. 

For typkal tubular members 21 0, the extruskm off the tubular member 210 off of 

the en|»nsion cone 205 win begin when the pressure of the Merior region 230 
reachas. for example, appmdmately 500 to 9.000 psi. 

During the exiruskm prooass. the expansfon cone 205 may be ra^ out of the 
expanded portwn of the tubular member 210 at rates ranging, fbr example, from about 
0 to 5 fl/sea In a pnafenod embodiment, during the extmston process, the expansksn 
cone 205 is raised out of the expanded portton of the tubular member 210 at rates 
rar^ing from about 0 to 2 f^sec In order to minimize the time required for the expanston 
process while also permitting easy control of the expansion process. 

As illustrated in FIG. 9. once the extruston process is completed, the expanskMi 
cone 205 is removed from the wellbore 1 00. in a preferred embodiment, either before 
w after the removal of the expanston cone 205, the Integrity of the fiukJic seal of the 
overiapping jdnt between the upper end portion 210d of the tubular member 210 and 
the kiwer end portion 11 5a of the preexisting wellbore casing 115 is tested using 
oonventk)nal methods. 

In a preferred embodiment. If the fluldic seal of ttw overiapping joint between 
the upper end portfon 21 Od of the tubular member 210 and the lo«ver end portion 1 15a 
of the casing 1 15 is satisfactory, then any uncuied portion of the material 255 Within the 
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expanded tubular member 210 is then removed in a conventional manner such as. for 
example, circulating the uncured material out of the interior of the expanded tubular 
member 210. The expansion cone 205 is then pulled out of the weilbore section 130 
and a drill bit or mill Is used in combination with a conventional drilfing assembly to drill 
5 out any hardened material 255 within the tubular member 210. In a prefarred 
embodiment, the material 255 within the annular region 260 is then allowed to fully 
cure. 

As Illustrated In FIG. 10. the bottom portion 215c of the shoe 215 may then be 
removed by driUng out the bottom portion of the shoe using conventional drilling 
10 methods. The wellborn 100 may then be extended in a conventional manner using a 
conventional drilling assembly. In a preferred embodiment, the inside diameter of the 
extended portion of the wsObore 100 is greater than the inside diameter of the radially 
expanded shoe 215. 

As Illustrated Ih FIG. 11. the method of FIGS. 1-10 may be repsatedly 
15 Perfbrrned In order to prcMde a monoKllameterweHbore casing that Includes 

overlappingwellborBcasings115and210a.210e. The weUbore casing 115.and2t0a- 
210e preferably Include outer annular layers of fydlc sealing mate^^ AltemaOveiy. 
the outer annular layers of fluidic sealing material may be omitted. In this manner, a 
momnjlameter weilbore casing may be formed within the subtoiranean fomiation that 
20 extends for tons of thousands of feet Mors generally stil. the teacNrtgs of FiOa 1-11 
may be used to tonm a monoKiiameter welbore casing, a pipeline, a atructorel support. 

or a tunnel within a subtensmean fonnatton at any orientatton fh>m the vertte 
horizontal. . 

In a prefsfYed embodiment the formation of a monoKJi&meter weilbore casing, 
25 as Illustrated in FIGS. 1-11. is further provided as disclosed In one or more of the 
fDlSowlns: (1 ) U.S. patent application serial no. 0aW54.139, attorney docket no. 
25791.03.02. filed on 12/3/1999. (2) U.S. patent application serial no. 08/510.013, 
attorney docket no. 25791 .7.02, filed on 2/23/2000. (3) U.S. patent application serial 
no. 09/502,350, attomey docket no. 25791 .8.02. filed on 2/10/2000, (4) U:S. patent 
30 application serial no. 09/440,338. attorney docket no. 25791.9.02. filed on 1 1/15/1099. 
(5) U.S. patent application serial no. 09/523.460. attorney docket no. 25791 . 1 1 .02, fited 
on 3/10/2000. (6) U.S. patent application serial no. 09/512,895. attomey docket no. 
25791.12.02. fited on 2«4/2000. (7) U.S. patent applicatton serial no. 09/51 1 ,G41. 
attomey docket no. 25791.16.02, filed on 2/24/2000. (8) U.S. patent application serial 
35 no. 09/588.846. attomey docket no. 25791 .17.02, filed on 8/7/2000, (9) U.S. patent 
application serial no. 09ffi59,122, attomey docket no. 25791.23.02. filed on 4/26/2000, 
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(10) PCT patent application serial no. PCT/USOO/18635. attorney docket no. 
25791.25.02. filed on 7/9/2000. (11) U.S. provisional patent application serial no. 
60/162.671. attorney docket no. 25791.27. filed on 11/1/1999, (12) U.S. provisional 
patent application serial no. 60/154,047. attorney docket no. 25791.29. filed on 
9/16/1999. (13) U.S. provisional patent application serial no. 60/159,082, attorney 
dodcet no. 25791.34. filed on 10/12/1999, (14) U.S. provisionai patent application serial 
no. 60/159,039, attorney docket no. 25791.36. filed on 10/12/1999. (15) U.S. 
provisional patent applicatton serial no. 60/169.033. attorney docket no. 25791 .37. filed 
on 10/12^1999, (18) U.S. provisional patent application serial no. 60/212,359, attorney 
dpckal no. 25791.38, filed on 6/19/2000, (17) U.S. provistonal patent application serial 
no. 60/165,228, attorney docket no. 25791.39. filed on 11/12/1999, (18) U.S. 
provisional patent application serial no. 60/221.443, attorney docket no. 25791 .45. filed 
on 7/28/2000. (19) U.S. provisional patent appUcatloh serial na 60/221 .645. attorney 
dodwt no. 25791.46, filed on 7/28«000. (20) U.S. piovisionat patent application serial 
no. 60/233.638. attorney docket no. 25791.47, filed on 9/18/2000. (21) U.S. proviskmal 
patent application serial no. 60/237.334. attorney docket no. 25701.48. filed on 
10/2Q000. and (22) U.S. provistonal patent application serial no. 60/262.434. attorney 
docSrot no. 25791.51. filed on 1/17/2001. the disclosures of whteh are incorporated 
herein by refenmoe. 

Referring to FIGS. 12. 12a. 12b, 12c and 12d. in an atlematlve embodiment, an 
apparatus 300 for faming a mbrib-diantater weUbore casing is positioned within the 
v!«llbore casing llSthatis subsiantialty kfentical in design and opeiatton to the 
apparatus 200 except that a shoe 305 is substKutad for the shoe 21 5. 

In a pnsfened embodiment, the shoe 305 includes an u|^ portion 305a. an 
Intenmediate portion 305b. and a towrer portion 305c having a valveable fluid passage 
310 that is preferably adapted to raceive a plug. dart, or (other similar eisment for 
controliably sealing the fluW passage 310. In this manner, ttie fiuM passage 310 may 
be optimally seated off by introducing a plug, dart and/or bail sealing elemants Into the 
flukf passage 310. 

The upper and tower portions, 305a and 305c. of the shoe 305 are preferably 
substantially tubular, and the intermediate portkwi 305b of the shoe includes 
corrugations 305ba-305bh. Furthermore, in a prefened embodiment, when the 
intermediate portton 305b of the shoe 305 is radially expanded by the application of 
fiuW pressure to the interior 315 of the shoe 305. the inside and outskie diameters of 
the radially expanded intennediate portion are preferably both greater than the insMe 
and outskie diameters of the upper and tower portksns, 305a and 305a in this manner. 
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the outer circumference of the intermediate portion 305b of the shoe 305 is preferably 
greater than the outer drcumferences of the upper and lower portions. 305a and 305c 
(rftheshoe. 

In a pTBfarred embodiment, the shoe 305 further Includes one or more through 
5 and sWe outlet ports In fluWica)mmunicaflon with the fluid passage 310. Inthis 
mannar. the shoe 305 optimally injects hardenable fluidic sealing material into the 
region outside the shoe 305 and tubular member 210v 

In an altamaavB embodiment, the flow passage 310 is omitted. 

In a preferred embodiment as Illustrated In FIGS. 12 and 12d. during 
10 placementofttieapparatus300wltWnthe««llborB 100. fluidic materials 250 within ttie 
wellbofB tint are displaced by the apparatus are conveyed through the fluid passages 
310. 205a. 225a. and 225b. In tills manner, surge pressures croated by ttie placement 
of the apparatus wHhin ttie viiellbore 1 00 are reduced. 

In a preferod embodiment. as B!^^ 

15 225b fettwn closed and a haidenabtefluldte sealing material 255 Is then pumped 
a aurfiace locaflon Into tiw fluid passag* 225a and 205a. The materia 
passes from the fluid pa88age205a into the Interior f»glon 315 of the shoe 3M 
the ejjpanslon ojne 205. The matiBrial 255 Ihen passes ftom the Irt^ 
into ttie fluid passage 310. The material 255 then eidts the apparatus 300 and fills the 

20 annular region 260 between ttie exterior of the tubular member 21 0 and ttie interior way 
ofthenewsection130offliewBliboie100. Continued pumping of ttie material 255 
causes ttie material to fiB up at least a tjortlon of ttie annular region 260. 

The material 255 Is preferably pumped Into ttie annular region 260 at pressures 
and flow rates ranging, for example, fifom about 0 to 5000 psi and 0 to 1 .500 

25 gallonsAnin. respectively. The optimurh flow rata and operating pressures vary as a 
function of ttie casing and wslibore sizes, wellbore section lengtti. available pumping 
equipment, and fluid properties of ttie fluidic material being pumped. The optimum flow 
rate and operating pressure are preferably detennlned using conventional empirical 
mettiods. 

30 The hardenable fluidic sealing material 255 may bo any number of conventional 

commardaJly available hardenable fluidic sealing materials such as. for example, slag 
mbt cement. latex or epoxy. Iri a prefarrod embodiment, th® hanjenable fluidic seailng 
material 255 is a blended cement prepared specifically for the particular well section 
being drilled from Halliburton Energy Services In Dallas. TX In order to provide optimal 

35 8upportfbrtubularmsmber210whlleal8omalntalningoptimumflow characteristics so 
as to minlmlza diflteulties during ttie displacement of cement In ttie annular region 280. 
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The optimum blend of the blended cement is preferably determined using conventional 
empirical methods. In several alternative embodiments, the hardenable fluidic sealing 
nr»terial 255 is compressible before, during, or after curing. 

The annular region 260 preferably Is filled with the material 255 in sufficient 
5 quantities to ensure that, upon radial expansion of the tubular member 210. the annular 
region 260 of the nevsf section ISOofthewellbore 100 wriil be filled with the material 
255. 

In an altamative erhbodiment, the Injecdon of the mjaterial 255 into the annular 
region 260 is omNted. 

10 As illustrated in RGS. 14 and 14a, once the annular tiaglon 260 has been 

adequately filled with the material 285, a plug 265, or other similar device. Is Introduced 
into the fiuid passage 310. thereby fluldldy Isolating the interior region 315 from the 
annular region 260. In a pruned embodiment, a non-hardenabta fluidic material 270 
is then pumped into the ihterior r^ion 315 causing the Interior region to pressurize. In 

15 this manner, (he interior legim 315 will not contain significant amounts of the cured 
material 255. This also reduces and simplifies the cost of the endro process. 
ANerratlvely, the material 255 may be used during this phase of ttie process. 

M illustrated In FIG. 15, In a prefiarred embodimerit. the conGnued Injection of 
the fiiddic material 270 pressurizes the region 315 and unfolds ttie oomjgalions 305ba- 

20 305bh of the intemiediate portion 30Sb of the shoe 305. In a prefemsd embodiment, 
the outside diameter of the unfolded htennediate portion 305b of the shoe 305 Is 
gnsater than the outside diameter of the. U|^r end lower portions. 305a and 305b, of 
the shoe. In a prsfiarTed embodiment, the Inside and outside diameters of the unfolded 
IntermediatB portion 305b of the shoe 305 are greater than the inside arKi outside 

25 dianieters, respectively, of the upper and lower portions, 305a and 305b. of the shoe, 
in a prsfianed embodiment, the inside dianrater of the unfolded intemiediate portion 
305b of the shoe 305 substantially equal to or greater than the Inside diameter of the 
prsoKlstir^ (asing 305 in onisr to optimize the fbnnation of a mono-diameter wellbore 
casing. 

30 As Illustrated In FIG. 16, in a prefen^d embodiment, the expansion cone 205 is 

then lowered into the unfolded intermediate portion 305b of the shoe 305. In a 
preferred embodiment, the expansion cone 205 is lowered Into the unfolded 
Intermediate portion 305b of the shoe 305 until the bottom of the expansion cone Is' 
proximate the lower portion 305c of the shoe 305. in a preferred embodiment, during 

35 the lowerfaig of the expansion cone 205 Into the unfolded Intenmediate portion 305b of 
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the shoe 305, the material 255 within the annular region 260 maintains the shoe 305 In 
a sut>stantially stationary position. 

As illustrated in FIG. 17, In a preferred embodiment, the outside diameter of the 
expansion oone 205 is then increased. In a preferred emljodlment the outside 
diameter of the expansion cone 205 Is increased as disclosed in U.S. patent nos. 
5,348.095. and/or 6,012,523, the disclosures of which are Incorporate herein by 
refBTenoB- In a preferred ©nibodiment. the outside diameter of the radially expanded 
expansion oona 205 is substantially equal to the inside diameter of the preexisting 
vvsHbore casing lis. 

In an alternative ernbodinient, the expansion cone 205 Is not iovi^red Into the 
radially expanded portion of the shoe 305 prior to being laidially expanded. In this 
manner, the upper portion 305c of the shoe 305 may be ladially expanded by the radial 
e;9)ansion of the expansion corie 205. 

On another aHsmatlve ernbodlnrant, ttie soqpanslon cone 2^ 
expanded. 

As illustrated in FIG. 18, In a prefeirod embodiment, a fluidic material 275 Is 
then iriiected into the region 315 through the fluid passages 225a and 205a. in a 
preliBrrad embodiment, once the interior region 315 becomes suRidently pressurized, 
the upper portion 305a of the shoe 305 and the tubular member 210 sire preferably 
plasticaliy deftwmsd, radialiy exparided, and extruded off of the expansion cone 205. 
FUrthannore. in a preferred embodbnent. during the end (rf the radial e^^tansion 
prooass. the upper portion 210d of the tubular mendnr end the tomr portion of the 
pr3®»i3tins rasing 1 1 5 that overlap with one another are simultaneousiy plastically 
deformed and radially expanded. In this manner, a monoKJIametar vvellbore casing 
may be formed that Includes the preexisting weilbore casirq 1 1 5 and the radialiy 
expanded tubular member 210. 

During the extruston process, the expansion cone 205 may be raised out oif the 
expanded portion of the tubular member 210. in a prelisrred embodiment, during the 
extnislon process, the expansion cone 205 Is raised at approximately the same rate as 
the tubular member 210 Is expanded In order to keep the tubular member 210 
stationary relative to the new wellbore section 130. In this manner, an oyeriapping Joint 
between the radially expanded tubular member 210 and the lower portion of the 
preexisting casing 115 may be optimaliy fonned. In an alternative preferr«l 
OTdbodlment, the expansion oone 205 maintained In a statlonaiy position during the 
extrusion process thereby allowing the tubular member 210 to extnide off of the 
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expansion cone 205 and into the new wellbore section 130 under the force of gravity 
and the operating pressure of the interior region 230. 

In a prefenred embodiment, when the upper end portion 21 Od of the tubular 
member 210 and the lower portion of the preexisting catslng 115 that overlap with one 
5 another are plastically deformed and radially expanded by \he expansion cone 205, the 
expansion cone 205 is displaced out of the weilbona 100 by both the operating 
pressure within the region 230 and a upwardly directed axial force applied to tfie 
tubular support member 225. 

The overlapping joint between the lower portion of the preexisting casing 1 1 5 
10 and the radially expanded tubular mmiber 210 preferably provides a gaseous and 
fliddic seal. In a particularty preferred embodiment, the sealing members 245 optimally 
provide a fluidic and gaseous seal in the cfverlapping joint In an alternative 
embodiment, the sealing msmt)j8rs 245 are omn^ 

In a prsferred.embodiment, the operating pressure and flow rate of the fluidic 
1 S material 275 is controliaUy mmpei down when the expansion cone 205 reaches ttie 
upper end portion 210d of the tubular member 210. in this manner, ttho sudden release 
of pressure caused by the complete extrusion of the tubular iro 
expansion cone 205 can be minimized. In a prefenred ombodinnGnt, tho operating 
pressure is reduced in a substantially linear fashion from 100% to about 10% during 
20 the end of the extrusksn process beginning when the axpansion cone 205 is >ftMhin 
about 5 feet from completion of the extrusion process. 

Attematively, or in combination, the wall thickness of the upper end portion 
210d of the tubular member is tapered in order to gradually rsduos the r^uirad 
opemating pressure for plastit^lly defonning and radially expanding the upper end 
25 portion of the tubular member. In tMs manner, shock loading of the apparatus nnay be 
at least partially minimized. 

Alternatively, or in combination, a shock absort>er is provided In the support 
member 225 in order to absorb the shock caused by the sudden release of pressure. 
The shock absort>er may comprise, for example, any conventional commercially 
30 available shock absort)er adapted for use in wellbore operations. 

Alternatively, or in combination, an expansion cone catching structure is 
provided In the upper end portion 210d of the tubular member 210 in order to catch or 
at least deoelerate the expansion cone 205. 

In a preferred embodiment, tfie apparatus 200 is adapted to minimce tensile, 
35 burst, and friction effects upon the tubular member 210 durtr^ the expansion prc>oess. 
These effects win be depend upon the geometry of the expanston cone 205, the 
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material composition of the tubular meml)er 210 and expansion cone 205. the inner 
diameter of the tuliular ntamt>er 210. the wall thickness of the tubular member 210. the 
typo of lubricant, and the yield strength of the tubular member 210. In general, the 
thic&er the wall thickness, the smaller the inner diameter, and the greater the yield 
5 strength of the tubular member 21 0. then the greater the operating pressures required 
to extrude the tubular member 210 off of the expansion cone 205. 

For typical tubular members 21 0. the extaision of the tubular member 21 0 off of 
the expansion cone 205 will begin when the pressure of the interior region 230 
reaches, for example, approximately SOO to 9.000 psi. 

10 During the extrusion process, the expansion bone 205 may be raised out of the 

«(panded portion of the tubular member 210 at rates ranging, for example, from about 
0 to 5 ft/sec In a preferred embodiment, during the exinision process, the expansion 
cone 20S is raised out off the expanded portion of the tubular member 21 0 at rates 
ranging fiom about 0 to 2 fi/soc in order to minimize the time rsquiied for the ei^Muislon 

15 piocsss while also permitting easy control of the expansim process. 

As illustrated in FIG. 19, once the extnjsion process is oomptetsd, the 
expansion cone 205 is lenKyvedfironi the weiibore 100. in a prefened embodiment, 
eMher before or after the removal of the expansion oone 205. the integrity of the fluidic 
seal of the overiapping joint between the upper end portion 210d of the tubdar member 

20 210 and the lower end portion 115a of the pr8e}dstingweliborB casing 115 is tested 
using conventional methods. 

In a preferred embodiment, if the fluidic seal of ths overlapping Joint between 
the upper end portion 210d of the tubular member 210 and the iowsr end portion 1 15a 
of the casing 1 15 is satisl^ctory, then any uncursd portion of the material 2S5 within the 

25 expanded tubular member 210 is then removed in a convenflonai manner such as, for 
example, circulating the uncured material out of the interior of the expanded tubular 
member 210. The expansion oone 205 is then ^lled out of the wellboie section 130 
and a drill bit or mill is used in combination with a conventional drilling assembly to drill 
out any hardened material 255 within the tubular member 210. In a preferred 

30 embodiment, the nratertal 255 v»ithln the annular rsgion 260 is then allowed to fully 
cure. 

As Illustrated In FIG. 20, the bottom portion 305c of the shoe 305 may then be 
removed by drilling out the bottom portion of the shoe using conventional drilling 
methods. The wellbore 100 may then be extended In a conventional manner using a 
35 conventional drilling assembly. In a preferred embodiment, the inside diameter of the 
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extended portion of the wellbore is greater than the inside diameter of the radialiy 
expanded shoe 305. 

The method of FIGS. 12-20 may be repeatedly performed in order to provide a 
mono^lanrwter wellbore casing that includes overlapping wellbore casings. The 
6 overlapping wellbore casing preferably include outer annular layers of fluldic sealing 
material. AHematlvely, the outer annular layers of fiuidic sealing material may be 
omitled. In thfemanrier, a mono^iarneter wellbore (asir^ may be formed 
subterranean fonmalion that extends for tens of thousands of feet IVlore generally still, 
the teachings of FIGS. 12-20 may be used to fomi a monoKJIameter wellbore casing, a 

10 pipailne. a struchiral support, or a tunnel within a subterranean fbmiatlon at any 
orientation from the vertlcai to the horizontal. 

In a preferred embodiment, the fbnnatipn of a fnono<iiaineter welibore casing, 
as illustrated in FIGS. 12-20. is further provided as disclosed in one or more of the 
following: (1) U.S. patent application serial no. 09^454.139, attorney docket no. 

15 25791.03.02, filed on 12^/1999. (2) U.S. patent applieation serial no. 09/510.913. 
attorney docket no. 25781 .7.02. filed on 2/23/2000. (3) U.S. patent appikatkm serial 
no. 09/502.350. attorney docket na 25791.8.02. filed on 2/10/2000, (4) U.S. patent 
appllcatton serial no. 09/440.338. attorney docket na 25791.9.02. filed on 11/15/1999, 
(5) U.S. patent appiicafion serial na 09/523.460, attorney docket na 25791.11.02, filed 

20 on 3/10/2000, (6) U.S. patent appliceitton serial no. 09/512.895. attorney docket na 
25791.12.02, filed on 2/24/2000, (7) U.S. patent appficaHon serial no. 09/511,941, 
attorney dodtet na 25791 .1 6.02, filed on 2/24/2000, (8) U.S. patent appGcaUon serial 
na 09/588,848, attorney docket na 25791.17.02, filed on 6/7/2000. (9) U.S. patent 
application serial no. 09/559,122. attorney docket no, 25791.23.02. fited bri 4/26/2000. 

25 (10) PCT patent application serial naPCT/USOO/1^, attorney docket ho. 
25791.25.02, filed on 7/9/2000, (11) U.S. provistonal patent application serial no. 
60/162,671, attorney docket no. 25791.27. filed on 11/1/1999, (12) U.S. provlSfonai 
patent application serial no. 60/154.047, attorney docket na 25791.29. filed on 
9/16/1999. (13) U.S. provisional patent appllcatton serial no. '60/1 59,082. attpmey 

30 docket na 25791 .34, filed on 10/12/1999. (14) U.S. provistonal patent appllcatton serial 
no. 60/159,039, attomey docket no. 25791.36, filed on 10/12/1999* (15) U.S. 
provfetorwl patent eppUCation serial no. 60/159,033. attorney docket no. ^791.37, filed 
on 10/12/1099. (16) U.S. provistonal patent appDcatton serial no. 60/212.359. attomey 
docket no. 25791.38. fited on 6/19/2000. (17) U.S. provistonal patent appflcatlon serial 

35 no. 60/165.2^. attomey docket no. 25791.39, filed on 11/12/1999, (18) U.S. 

provistonal patent application serial no. 60/221,443, attomey docket no. 25791.45, fIted 
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on 7/28/2000. (19) US. provisional patent application serial no. 60/221,645, attorney 
docket no. 25791.46, filed on 7/28/2000, (20) U.S. provisional patent application serial 
no. 60/233,638. attorney docket no. 25791.47. filed on 9/18/2000. (21) U.S. provisional 
patent application serial no. 60/237,334, attorney docket no. 25791.48, filed on 
5 10/2/2000. and (22) U.S. provisional patent applkation serial no. 60/262,434. attorney 
docket no. 25791.51, filed on 1/17/2001. the disdosures of which are Incorporated 
herein by reference. 

In several alternative emt>odlments, the apparatus 200 and 300 are used to 
form and/or repair wellbore rasirtgs, pipelines, and/or structural supports. 

10 In several alternative emljodlments, the fbWed geometries of the shoes 215 and 

305 are provided In accordance with the teachings of U.S. Patent Nos, 5,425,559 
and/or 5.794,702, the disdosures of which are incorporated herein by raferenca. 

An apparatus for fbmiing a wellbore casing in a borehole located in a 
subtenranaan forvnation induding a preexisting wellbore casing has been described that 

1 5 indudes a support nnembar induding a first fluid passage, an eitpanslon ccine ooupled 
to the support member induding a second fluid passage fluididy coupled to the first 
fluM passage, an expandable tubular liner movably ooupled to ttie expansion cone, and 
an expandable shoe coupled to the expandable tubular liner. In a preferred 
embodiment, the expansion cone is expandable. In a preferred embodiment, the 

20 expandabte shoe indudes a valveable fluid passage for oontroUi 

materials out of the expandable shoe. In a preferred embodiment the expandable 
shoe indudes: an expandable portion and a remaining portion, wherein the outer 
drcumferenoe of the mpandable portion is greater than the outer drcumference of the 
remaining portion* In a preferred embodiment, the expandable portion indudes: one or 

25 more inward folds. In a pr^erred embodiment, the exparxlable portion indudes: one or 
more oomigattons. In a preferred embodiment, the expandable shoe Indudes: one or 
more inward folds. In a prefenred embodiment, the expandable shoe indudes: one or 
more oomigations. 

A shoe has also been described that includes an upper annular portion, an 

30 intennediate annular portion, and a lower annular portion, wherein the intennediate 
annular portion has an ojter drcumference that Is larger than the outer droumferences 
of the upper and lower annular portions/ In a prsfBrred embodiment, the lower annular 
portion indudes a valveable fluid passage for controlling the flow of fluldic materials out 
of the shoe. In a preferred embodiment, the intennediate portion indudes one or more 

35 inward folds. In a preferred embodiment, the intenn^iate portion Indudes one or more 
corrugations. 
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A method of forming a wellbore casing in a subterranean formation having a 
preexisting wellbore casing positioned in a borehole has also been described that 
includes installing a tubular liner, an expansion cone, and a shoe in the borehole, 
radially expanding at least a portion of the shoe by Injecting a fluidic material into the 
shoe, and radiaily expanding at least a portion of the tubular liner by injecting a fluidic 
material into the borahole below the expansion cone. In a prefemsd embodiment, the 
method further includes radiaily expanding the expansion cone, in a preferred 
embodiment, the method further includes lowering the expansion cone into the radially 
expanded portion of the shoe, and radially expanding the expansion cone. In a 
preferred embodiment, the method further Includes radially expanding at least a portion 
of the shoe and the tubular liner by Injecting a fluidic material into the bonshola below 
the FBdially axpartded expansion cone. In a prelened embodintsnt, the method further 
includes iniecting a haidenabie fluidic sealing material into an annulus between the 
tubular liner and the borehole. In a prefemad embodiment, the method further includes 
radially expanding at least a portion of the preexisting wellbore casing, in a preferred 
embodiment, the method further includes overiapping a portion of the radially 
expanded tubular liner with a portion of the preexisting weiibore casing. In a preferred 
embodiment, the inside diameter of the radially expanded tubular liner is substantiaily 
equal to the inside diameter of a iKHWvertapping portion of the preexisting 
casing, in a preferred embodiment, the method further includes applying an axial force 
to the ei^nsion cone. In a prefamad embodiment, the inside diameter of the radially 
e»pandad shoe is greater than or equal to the inside diameter of the radiaily expanded 
tubular liner. 

An apparatus for fbmiing a wellbore casing in a subterranean fbmiation having 
a preexisting wellbora casing positioned In a borehole has also been described that 
indudes means for Installing a tubular liner, an expansion cone, and a shoe In the 
borehole, means for radially expanding at least a portion of the shoe, and means for 
radially expanding at least a portion of the tubular liner. In a preferred embodiment, the 
apparatus further Indudes means for radially expanding the expansion cone. In a 
prefened embodiment, the apparatus further includes means for lowering the 
expansion cone Into the radiaily expanded portion of the shoe, and means for radially 
expanding the expansion cone. In a preferred embodiment, the apparatus further 
includes means for Injecting a fluidic material into the borehole below the radially 
expended expansion cone. In a prefened embodiment, the apparatus further indudes 
means for injecting a hardenable fluidic sealing material Into an annulus between the 
tubular liner and the borehole. In a prefiarred embodiment, the apparatus further 
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includes means for radially expanding at least a portion of ttie preexisting wsillrare 
casing. In a preferred embodinient. the apparatus further includes means for 
overlapping a portion of the radially expanded tubular liner with a portion of the 
preexisting vaellbore casing. In a prefenied emtwdiment, the inside diameter of the 
radially expanded tubular liner is substantially equal to the inside diameter of a 
nonoveriapping portion of the preexisting wellbora casing. In a preferred ombodirriant, 
the apparatus further includes means for applying an axial foroe to the expansion cone. 
In a prsiiarred embodiment, the inside diameter of me radially expanded shoe Is graater 
than or equal to the inside dtemeter of the radially expanded tubular liner. 

An apparatus for ffomiing a vwellbore casing within a subterranean forrnatlon 
including a preexisting wsHbone rasir^ positioned In a borehole has also bsen 
described that Indudes a tubular liner and means for radially ejqwndlng and coupling 
the tubular liner to an overtapping portion cff the preesdsting wellbora casing. The 
inside diamstsr of the radialiy expanded tubular liner Is substantially equal to the inside 
diameter of a non-overlapping portion of the preexisting vsiellbore casirig. 

A weibore casing posiltoned in a boreiwie within a subten^^ 
also bean dascribed that indudas a firet welibore casing and a second \»sllbore casing 
coupled to and overlapping with the first welibore casing, wherein the second welibore 
casing is coupled to the first welibore casing by the process of: installing the second 
welibore casing, an expansion cone, and a shoe in the borehole, radially exjMinding at 
least a portion of the shoe by injecting a fluidic naterial into the shoe, and radially 
expanding at least a portion of the second wedbore casing by Injecting a fluidic material 
into the borehole below the expansion cone. In a prefaned embodiment, the process 
for forming the welibore casing further includes radially expanding the expansion cone. 
In a preferred embodiment, the process for fomiing the welibore osing further includes 
lowering the expansion cone Into the radially expanded portion of the shoe, and radialiy 
expanding the expansion cone. In a prefaned embodiment, the process for ftonnlnfl the 
welibore casing further Includes radially expanding at least a portion of the shoe and 
the second welibore raising by Injecting a fluidic material into the borehole below the 
radially expanded expansion cone. In a preferred embodiment, the process for fbnning 
the welibore raising further Includes injecting a hardenable fluidic sealing material into 
an annulus between the second welibore rasing and the borehole. In a preferred 
embodiment, the process for fbnnlng the welibore rasinjg further includes radially 
expanding at least a portion of the flrst welibore rasing. In a preferred embodiment, 
the process for fbmriing the welUrare rasing further includes overlapping a portion of the 
radiaHy expanded second welibore casing with a portion of the first welibore casing. In 
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a preferred embodiment, the inside diameter of the radially expanded second wellbore 
casing is substantially equal to the Inside diameter of a nonoveriapping portion of the 
firet wallbore casing. In a preferred embodiment, the process for forming the vwellbore 
casing further includes applying an axial force to the expansion cone. In a pnsfarred 
enrjbpdinrant. the inside diameter of the radially expanded shoe is greater than or 'equal 
to the inside diameter of the radially expanded second wellbore casing. 

A method of forming a tubular structure in a subterranean fomiation having a 
preexistihg tubular member positioned In a borehole has also been described that 
Includes installing a tubular Uner. an expansion cone, and a shoe in the borehole, 
radially expanding at least a portion of the shoe by injecURg a fluidic matariai into the 
shoe, and radiaily expanding at least a portion of the tubular nner by injecting a fluidic 
malarial into the borehole below the expansion cone. In a preferred embodiment, the 
method further includes radialiy expanding the expansion cone. In a prafiarred 
embodiment, the method further includes lowering the expansion cone inta the radially 
15 eKpanded portion of the shoe, and radially expanding the expansion con®. In a 

prefismsd embodiment, the method furtherinchides radlaliy expanding at least a portion 
of the shoe and the tubular liner by injecting a fluidic material into the borohole below 
the radlaHy expanded expansion cone, in a prefsned embodiment, the method further 
Includes injecting a hardenable fluidic seafing material into an annulus beti^aen the 
20 tubular liner and the borehole. In a prefened embodiment, the method further Includes 
radially expanding at least a portion of the preexisting tubular member. In a prefemBd 
embodiment, the method further includes ovariapping a portion of the radiaiiy 
expanded tubular liner with a portion of the preexisting tubular member. In a pref^msd 
©mbcdifront. the inside diameter of the radially expanded tubular liner Is substantialiy 
25 equal to the Inside diameter of a nonoveriapping portion of the preexisting tubular 
member, in a preferred embodinnent. the method further indudes applying an axial 

force to the expansion cone. In a preferred embodiment, the inside diameter of the 
radially expanded shoe Is greater than or equal to the inside diameter of the radially 
expanded tubular liner. 

30 An apparatus for fonning a tubular stmcture In a subterranean fbmiation having 

a preexisting tubular member positioned in a borehole has also bean described that 
Includes means for installing a tubular finer, an expansion cone, and a shoe In the 
bonahole. means for radially expanding at leasts portion of the shoe, and means for 
radially expanding at least a portion of the tubular Bner. in a preleired embodiment, the 

35 apparatus further includes means for radially expanding the expansion cone. In a 
preferred embodiment, the apparatus further includes means for lowering the 
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expansion cone into the radially expanded portion of the shoe, and means for radially 
expanding the expansion cone. In a prefenned embodiment, the apparatus further 
includes means for injecting a fluidlc material into the borehole below the radially 
expanded expansion cone. In a preferred embodiment, the apparatus further includes 

5 means for injecting a hardenable fluidlc sealing n^terial into an annulus between the 
tubular liner and the borehole. In a preferred embodiment, the apparatus further 
includes means fcM* radially expanding at least a portion of the preexisting tutnjtar 
' n^ember. In a praferrsd embodiment, the apparatus further includes mear^ for 
overlapping a portion of the radially expanded tubular liner with a portion of the 

10 preexisting tubular member. In a preferred embodlmient, the inside dianfieter of the 
rsdiailly expanded tubular liner is substantiallly equal to the inside diameter of a 
nonoverlapping portion of the preexisting tubular member. In a prsferrsd embodiment, 
the apparatus further includes means for applying an axial fbroa to the expansion cone. 
In .8 prefisffred embodiment, the inside diameter of the radially expanded shoe is greater 

IS than or equal to the inside diameter of the radially expanded tubular liner. 

An apparatus for forming a tubular structuro ^thin a subterranean fomnation 
indudlr^ a prsexisting tubular member positioned hi a borehole has also been 
described that fcidudes a tubular liner and nneans for radially ^cpandlng and oouplir^ 
the tubular liner to an overlapping portim of the preexisting tubular member. The 

20 inside dtameter of the radially expanded tubular liner is substanUaily equal to the inside 
diameter of a non^yveriapping portion of thff preexisting tubular member. 

A tubular sinicture positioned In a boTtehole i^tflthin a subterranean formation has 
also been described that includes a first tubular member and a second tubular merriber 
coupled to and overiapping with the finst tubular member, wherein the second tubutar 

25 member Is ooupled to the first tubular member by the process of: installing the second 
tubular member, an expansion cone, and a shoe in the borehole, radially expanding at 
least a portion of the shoe by injecting a fluidic material Into the shoe, and radlaHy 
expanding at least a portion of the seoond tubular member by injecting a fluidic material 
into the borehole below the expansion cone. In a prefenned emtiodiment, the process 

30 for fonfning the tubular stnicturs further includes radially expanding the expansion oone. 
in a prsfterr^ embodiment, the process for forming the tubular structure further 
includes lowering the expansion cone into the radially expanded portion of the shoe, 
and radially expanding the expansion cone. In a preferred embodiment the process 
for fonning the tubular stnicture further includes radially expanding at least a portion of 

35 the shoe and the second tubular ntember by injecting a fluidic n^rial into the 

borehole below the radially expanded expansion cone. In a preferred Embodiment, the 
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prooess for forming the tubular structure further includes injecting a hardenable fluidic 
sealing material into an annulus t)etween the second tubular member and the borehole. 
In a prefened embodiment, the process for forming the tubular structure further 
includes radially expanding at least a portion of the first tubular member. In a preferred 

5 embodiment, the process for fonning the tubular structure further includes overlapping 
a portion of the radially expanded second tubular member with a portion of the first 
tubular nriember. In a preferred embodiment, the inside diameter of the radially 
expanded second tubuEar member is substanUally equal to the inside diameter of a 
nonoverlapping portion of the first tubular member. In a preferred embodiment the 

10 process for forming the tubular structure further Includes applying an axial force to the 
escpansion cone. InaprsfMredembodlnient, thetnsidediarneterofthe^^ 
expanded shoe is greater than or equal to the inside diameter of the radially expanded 
second tubular member. 

Although illustrative embodinients of the invention have been sh^ 

15 described, a wide range of moffification. changes and sutetitution is oontemptated In 
the foregoing disclosure. In some instanoes, some features of the present invention 
may be employed without a corresponding use of the other features. Accordingly, it is 
apprc^ate that the appended disiims be construed broadly and in a manner consistent 
wHh the scope of the invention. 



CLAIMS 
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1 . A tubular staicture positioned in a borehole within a subtenranean formation, 
confiprising: 

5 a first tubular nrtemben and 

a second tubular member coupled to and overiapplng with the first tubular 
memben 

wherein the second tubular member is coupled to the first tubular member by 
the process of: 

10 installing the second tubular member, an expansion cone, and a shoe that 

defines an interior rsgbn for containing fluidic materials In the borehole; 

radially expanding at least a portion of the shoe by irqecUng a fiuidic material 
into the interior region of the shoe; and 

radially expanding at least a portion of the secoind tubular member by injecting 
15 a fluidic material into the borehole below the expansion cone. 

2. The tubular structure of daim 1 , wherein the process further comprises: 

radially expanding the expansion cone. 

20 3. The tubular structure of daim 1 , wherein the process further comprises: 

lowering the expansion cone into the r^ialty expanded portion of the shoe; and 
radially expanding the expansion cone. 

4. The tubular structure of daim 3, wherein the process further coin^^ 

25 radially expanding at least a portion of the shoe and the second tubular merrAier 

by injecting a fluidic material into the borehole below the radially expanded expansion 
cone. 

5. The tubular structure of daim 1 , wherein the process further comprises: 

30 Injecting a hardenable fluidic sealing material into an annulus between the 

second tubular member and the t>orahole. 

6. The tubular structure of daim 1 . wherein the process further comjKises: 
radially expanding at least a portion of the first tubular member. 

35 

7. The tubular structure of daim 6, wlierein the process fijrther comprises: 
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overlapping a portion of the radiaily expanded second tubular member with a 
portion of the first tubular member. 

8. The tubular structure of daim 7, wherein the inside diameter of the radially 

5 expanded second tubular member is substantially equal to the Inside diameter of a 
nonoverlapping portion of the first tubular member. 

9. The tubular structure of daim 6. wherein the process further comprises: 
applying an axial force to the expansion cone. 

0 

10. The tubular stmcture of daim 1 . wherein the inside diameter of the radially 
expanded shoe is greater than or substantially equal to the inside diameter of the 
radiaily expanded second tubular member. 
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Claims 

1 . An apparatus for forming a wellbore casing in a borehole located in a 
subtenBnean fomnation including a preexisting wellbore casing, comprising: 

5 a support member including a first fluid passage; 

an expansion cone coupled to the support member including a second fluid 

passage fluididy coupled to the first fluid passage; 
an expandable tubular liner movably coupled to the expansion cone; and 
an expandable shoe coupled to the expandable tubular liner. 

10 

2. The apparatus of daim 1 . wherein the expansion cone is expandable. 

3. The apparatus of dalm 1 . wherein the expandable shoe includes a valveaUe fluid 
passage for oontrolling the flow of fluidic materiate out of the exppndable shoe. 

15 

4. The apparatus of dalm 1 , wherein the expandable shoe indudes: 
an expandable porQon; and 

a remaining portion coupled to the expandable portion; 
wherein the outer drcumferenoe of the expandable portion is greater than the 
20 outer circumference of the remainlrig portion. 

5. The apparatus of daim 4, wherein the expandable portion indudes: 
one or more inward folds. 

25 6. The apparatus of daim 4, wherein the expandable portion indudes: 
one or more oomjgationSp 

7. The apparatus of dalm 1 , wherein the expandable shoe indudes: 
one or more inward folds. 

30 

8. The apparatus of daim 1 , wherein the expandable shoe includes: 
one or more conugations. 



g. 
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A shoe, comprising: 

an upper annular portion; 

an intermediate annular portion coupled to the upper annular portion; and 
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a lower annular portion coupled to the intenmedlate portion; 

wherein the intermediate annular portion has an outer drcumference that is 

larger than the outer circumferences of the upper and lower annular 

portions. 

5 

10. The shoe of daim 9, wherein the lower annular portion indudes a valveabte fluid 
passage for controlling the flow of fluidic materials out of the shoe. 

1 1 . The shoe of daim 9, vyhereln the Intenmedlate portion indudes: 
10 one or fhore inward folds. 

12. The shoe of daim 9, wherein the intennediate portion indudes: 
one w mors corrugations. 

15 13. AniethGdoffomiiirigaweilboracasinginasuiiterraneanfb^ 
preexisting wellbortsi casing posWoheidl in a torehde, comprising: 

installing a tubular liner, an expansion cone, and a shoe in the t>orehpie; 
radially expanding at least a portion of the stoe injecting a fluidic material 
into the shoe; and 

20 radially expanding at least a portion of the tubular Oner by injecting a fluidic 

material into the borehole below the expansion cone. 

14. The method of daim 13, further comprising: 
radially expanding the expansion cone. 

25 

15. The method of daim 1 3, further comprising: 

lowering the expansion oone Into the radially expanded portion of the shoe; and 
radially expanding the expansion cone. 

30 16. The method of daim 1 5. further comprising: 

radially expanding at least a portion of the shoe and the tubular liner by injecting 
a fluidic material into the borehole below the radially expanded 
expansion cone. 



35 17. 



The method of claim 13, further cbmprtelng: 
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injecting a hardenable flddic sealing material Into an annulus between the 
tubular liner and the borehole. 

The method of dalm 1 3, further comprising: 
radially expanding at least a portion of the preexisting wellbore casing. 

The method of daim 18, further comprising: 

overtapping a portion of the radially expanded tubular liner wKh a portion of the 
preexisting wellbore casing. 
10 

20. The method of dalm 19, wherein the inside diameter of the radially expanded 
tubular liner Is substantiaily equal to or greater than the inside diameter of a 
nonoveriapping portion of the preexisting weilbora casing. 

15 21. The method ofdaim 18, further comprising: 
applying an axial foiw to the expansion cone. 

22. The method of daim 13. wherein the inside diameter of the nadlally expanded . 
shoe is greater than or sut^stantoily equal to the inside diameter of the radially 

20 expanded tubular liner. 

23. An apparatus for forming a weHbore casing in a subterranean fonmatton having a 
preexisting weflbore casing positioned in a borehole, comprising: 

means for installing a tubular liner, an expansion cone, artd a shoe in the 

borehole; 

means for radlaity expanding at least a portion of the shoe by Injecting a fluidic 

material Into the shoe; arKl 
means for radially expanding at least a portion of the tubular liner by injectir^ a 
fluidic material into the borehole below the expansion cone. 

24. The apparatus of dalm 23, further comprising: 
means for radially expanding the expansion cone. 

25. The apparatus of daim 23, further comprising: 

35 .nmins for lowering the expansion cone into the radially expanded portion of the 

shoe; and 



18. 



19. 
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34 

means for radially expanding the e)(pansion cone. 
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26. The apparatus of daim 25, further comprising: 
means for injecting a fluidic fnatsriai into the borehole below the radially 

expanded expansion cone. 

27. The apparatus of dalm 23. further comprisins: 
means for injecting a hardenable fluidic sealing material into an annulus 

between the tubular Oner andthe borehole. . 

28. The a{4)aratus of daim 23. further comprising: 

means for radiaRy ocpanding at ieast a portion of the preexisting welibore 
casing. 

IS 29. The apparatus of daim 28. further comprising: 

means for overlapping a portior) of the radiaily expanded tubular liner vMith a 
portion of the preexisting wsHboie casing. 

30. The apparatus of dalm 29, wherein the inside diameter of the radiaiiiy expanded 
20 tubular Hner Is substantially equal to the inside diameter of a nbnoveilappihg portion of 

the preexisting weilboiB casing. 

31 . The apparatus of daim 28, further comprising: 
means for applying an axlai force to the expansion cone. 
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32. The apparatus of daim 23. wherein the inside diameter of the radially expanded 
shoe is greater than or substantially equal to the inside diameter of the radially 
expanded tubular liner. 



30 33. An apparatus for fbmrdng a welibore casing within a subtenanean fonnation 
induding a preexisting welibore casing posifioned in a borehole, comprising: 
alubtdarliner.and 

means for radially expanding and coupling the tubular Hner to an overiapping 
portion of the preexisting welibore casing; 
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wherein the inside diameter of the radially expanded tubular liner is 

substantially equal to the Inside dianneter of a non-overlapping portion of 
the preexisting wellbore casing. 

5 34. A wellt)ore casing positioned in a t>orehole within a subtenanean formation, 
comprising: 

a first wellbore casing; and 

a second wellbore casing coupled to and overlapping with the first wellbore 
casing; 

10 wherein the second wellbore casing is coupled to the first wellbore casing by 

the process of: 

installing the second wellbore casing, an expansion cone, and a shoe In 
the borehole; 

radially expanding at least a portion of the shoe by InjecHng 9 fluidic 
15 material into the shoe; and 

radially expanding at least a portion of the second wellbore casing tiy 

inJecUng a fluidic material Into the borehole below the expansion 

cone. 

20 35. The wellbore casing of dalm 34. wherein the process further comprises: 
radially expanding the expanston cone. 

36. The wellbore casing of dalm 34. wherein the process further comprises: 
lowering the expansion cone into the radially expanded portion of the shoe; and 

25 radially expanding the expansion cone. 

37. The wellbore casing of daim 36, wherein the process further comprises: 
radially expanding at least a portion of the shoe and the second wellbore casing 

by injecting a fluidic material into the borehole below the redially 
30 expanded expansion Gone. 

38. The wellbore casing of daim 34, wherein the process further comprises: 
injecting a hardenabie fluidic sealing material Into an annulus between the 

second wellbore casing and the borehole. 

39. The wellbore casing of dalm 34, vt/herein the process further comprises: 
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radially expanding at least a portion of the first wellbore casing. 

40. The wellbore casing of daim 39. wherein the process further comprises: 

overlapping a portion of the radially expanded second wellbore casing with a 
portion of the first wellbore casing. 

41 . The wellbore casing of daim 40, wherein the inside diameter of the radially 
expanded second wellbore casing is substantially equal to the inside diameter of a 
nonovertapping portion of the first wellbore casing. 

42. The wellbore casing of daim 39, wherein the process further comprises: 
applying an axial force to the expansion cone. 

43. The wellbore casing of daim 34, wherein the inside dia^ 

expanded shoe is greater than or substantially equal to the in^e diameter of the 
radially expanded second wellbore casing. 

44. A nriethod of fonning a tubular structure in a subterranean fonmation 
preexisting tubular m6nri>er positioned in a borehde, comprising: 

installing a tubular liner, an expansion cone, and a shoe in the t)oretiole; 
radially expanding at least a portion of the shoe tyy irijecting a fluidic material 
into the shoe; and 

radially expanding at least a portion of the tubular liner by injecting a fluidic 
nfiaterial into the borehole below the expansion cone. 

45. The method of daim 44. further comprising: 
radially expanding the expansion cone. 

46. The nwthod of daim 44, further comprising: 

towering ttie expansion cone into the radially expanded portion of the shoe; and 
radially expanding the expansion cone. 

47. The method of daim 46, further comprising: 

radially expanding at least a portion of the shoe and the tubular liner by Injecting 
a fluidic material Into the t3orehole below the radially expanded 
expansion cone. 
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The method of claim 44, further comprising: 

injecting a hardenable fluidic sealing material into an annulus l>etween the 
tutnjiar liner and the borehole. 

The method of daim 44, further comprising: 
radially expanding at least a portion of the preexisting tubular member. 

The method of daim 49, further comprising: 
overiapping a portion of the radially expanded tubular liner with a portion of the 
preexisting tubular member to provide a load bearing interfeoe and a 
fluidic seal. 

51 . The method of daim SO, wherein the inside diameter of the radially expanded 
15 tubular liner is substantially equal to the inside diameter of a nonovertapping portion of 

the preexisting tubular member. 

52. The method of daim 49, further oomprising: 
applying an axial force to the expansion cone. 

20 

53. The method of daim 44, wherein the Inside diameter of the radially expanded 
shoe is greater than or substantially equal to the inside diameter of the radially 
expanded tubular finer. 

25 54. An apparatus for fonning a tubular structure in a subterranean formation having a 
preexisting tubular member positioned in a borehole, comprising: 

means for Installing a tubular liner, an expansion cone, and a shoe in the 
borehole; 

means for radially expanding at least a portion of the shoe; and 
30 means for radially expanding at least a portion of the tubular liner. 

55. The apparatus of daim 54, further comprising: 
means for radially expanding the expansion cone. 

35 56. The apparatus of daim 54, further oomprising: 



48. 



5 

49. 
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means for lowering the expansion cone Into the radially expanded portion of the 
shoe; and 

means for radially expanding the expansion cone. 

5 57. The apparatus of daim 56, further comprising: 

means for injecting a fluidic material into the borehole below the radially 
expanded expansion cone. 

58. The apparatus of daim 54, further Gomprising: 
10 means for injecttng a hardenableflutdic sealing nriaterial into 

between the tubular liner and the borehole. 

The apparatus of daim 54, further comprising: 
means for radially expanding at least a porttor) Gf the pre^^ 
meml)er. 

60. The apparatus of daim 59, further comprising: 

means for overlapping a portion of the radially expanded tubular liner with a 
portion of the preexisting tubular member to provide a load bearing 
20 interface and a fluidiC seal. 



59. 

15 



61 . The apparatus of daim 60, wherein the inside diameter of the radially expanded 
tubular liner Is substantially equal to the Inside diameter of a nonoverlapping portion of 
the preexisting tubular member. 

25 

62. The apparatus of daim 59, further comprising: 

means for applying an axial force to the expansion cone. 

63. The apparatus of daim 54, wherein the inside diameter of the radially expanded 
30 shoe Is greater than or substantially equal to the inside diameter of the radially 

expanded tubular liner. 

64. An apparatus for fomnlng a tubular structure within a subterranean fbnnatton 
induding a preexisting tubular member portioned in a borehole, comprising: 

35 a tubular liner, and 
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means for radially expanding and coupling the tubular liner to an overtapptng 

portion of the preexisting tubular member; 
wherein the inside diameter of the radially expanded tubular liner is 

substantially equal to the inside diameter of a non-overlapping portion of 

the preexisting tubular member. 

65. A hjbular structure positioned in a borehole within a subt^ranean formation, 
comprising: 

a first tubular member; and 

a second tubular member coupled to and overlapping with the first tubular 
member; 

wherein the second tubular member is coupled to the first tubular member by 
the processed 

Installing the second tubular member^ an expansion cone, and a shoe in 
the borehole; 

radially expanding at least a portion of the shoe by injecting a fluidic 

material into the shoe; and 
radially expanding at least a portion of the second tubular member by 

injecting a fluidic materted Into the borehole below the expansion 

cone. 

66. The tubular structure of daim 65, wherein the process further comprises: 

radially expanding the expansion cone. 

67. The tubular structure of daim 65, wherein the process further comprises: 

lowering the expansion cone into the radially expanded portion of the shoe; and 
radially expanding the expansion cone. 

68. The tubular structure of daim 67, wherein the process further comprises: 

radially e)qpandin9 at least a portion of the shoe and the second tubular member 
t>y injecting a fluidic material into the borehole below the radially 
expanded expansion cone. 



69. 



The tubular structure of daim 65, wherein Vtxe process further comprises: 
injecting a hardenable fluidic sealing material into an annulus between the 
second tubular member and the borehde. 
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. 70. The tubular structure of daim 65, wtierein the process further comprises: 
radially expanding at least a portion of the first tubular member. 

5 71 . The tubular structure of daim 70, wherein the process further comprises: 

overlapping a portion of the radially expanded sebond tubular member with a 
portion of the first tubular nnember. 

72. The ^bular structure of daim 71 , wherein thd inside diameter of the radially 
10 expanded second tubular member is substantially equal to the inside diameter of a 

rKHioveriappIng portion of the firsf tubular niember. 

73. The tiibular structure of daim 70. wherein the process further oornprises: 

applying an addl force to the expansion cone. 

15 

74. The tubular structure of daim 65. wherein the inside diameter of the radially 
exparkied shoe is greater than or substantially equal to the ir^side diameter of the 
radially expanded second tubular member. 

20 75. An apparatus for fbnning a wellbore casing in a borehole located in a 
subterranean formation induding a preexisting wellbore casing, oomprtsing: 
a support member induding a first fluid passage; 
an expandable expansion cone coupled to the support member induding a 
second fluid passage fluididy coupled to the first fluid passage; 
25 an e)q3andable tubular liner movabty coupled to the expansion cone; arid 

an expandable shoe coupled to the expandable tubular liner comprising: 

a valveable fluid passage for controlling the flow of flutdic materials out 

of ttie expandable shoe; 
an expandable portion induding one or more inward folds; and 
30 a remaining portion coupled to the expandable portion; 

wherein the outer drcunnference of the expandable portion is greater 
than the outer drcumference of the remaining portion. 

76. A shoe, comprising: 
35 an upper annular portion; 
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an intermediate annular portion coupled to the upper annular portion including 

one or more inward folds; and 
a lower annular portion coupled to the Intermediate portion including a 

valveable fluid passage for controlling the flow of fluidic materials out of 

the shoe; 

wherein the intemiediate annular portion has an outer circumference that is 
larger than the outer circumferences of the upper and lower annular 
portions. 

77. A method of fbmiing a wellt>ore casing in a subterrariean fonmation having a 
preexisting wellbore casing positioned In a borehole, comprising: 

Installing a tubular liner, an expansion cone, and a shoe in the borehole; 
radially expanding at least a portion of the shoe by Injecting a fluidic material 
into the shoe; 

lowering the expansion cone into the radially expanded portion of the shoe; 
radially expanding file expansion cone; 

radially expanding at least a portion of the tubular liner by injecting a fluidic 

material into the borehole below the expansion cone; and 
overlapping a portion of the radially expanded tubular liner with a portion of the 

preexisting v««ilbore casing; 
wherein the inside diameter of the radially expanded shoe is greater than or 

substantially equal to the Inside diameter of ttie radlcdiy expanded 

tubular linen and 
wherein the Inside diameter of the radially expanded tubular liner is 
substantially equal to or greater than the Inside diameter of a nonoverlapping 
portion of the preexisting wellbore casing. 

78. An apparatus for forming a wellbore casing in a subterranean fonmation having a 
preexisting wellbore casing positioned in a borehole, comprising: 

means for installing a tubular liner, an expansion cone, and a shoe in the 
borehole; 

means for radially expanding at least a portion of the shoe by injecting a fluidic 

rifiaterial into the shoe; 
means for lowering the expansion cone into the radially expanded portion of the 

shoe; 

means for radially expanding the expansion cone; 
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means for radially expanding at least a portion of the tubular liner by injecting a 
fluidic material into the borehole below the radially expanded expansion 
cone; 

means for radially expanding at least a portion of the pfeexisting wellbore 
5 casing; and 

means for overlapping a portion of the radially expanded tubular liner with a 

portion of the preexisting wellbore casing; 
wherein the inside diameter of the radially expanded shoe greater than or 

substantially equal to the inside diameter of the radially expanded 
10 tubular linen and 

wherein the inside diameter of the radiaHy e)q)anded tubular ilner is 

substantialiy equal to the inside diameter of a nonoverlapping portion of 

the preexisting wellbore casing. 

IS 79. A wellbore casing positioned in a borehole within a subterranean fonnatlon, 
comprising: 

a first wellbore casing; and 

a second wellbore casing coupled to and bvertepping with the first wellbore 
casing; 

20 wherein the seicond wellbore casing is coupled to the first welito 

the process of : 

installing the second wellbore casing, an expansion cone, and a shoe in 
the borehole; 

rediaily expanding at least a portion of the shoe bvy ir^ecting a fluidic 
25 material into the shoe; 

lowering the expansion oorie into the radially expanded portion of the 
shoe; 

rediaily expanding the expansion cone; 

radially expanding at least a portion of the second wellbore casing by 
30 injecting a fluidic material into the borehole below the radially 

expanded expansion cone; and 



overiapping a portion of the radially expanded second wellbore casing 
with a portion of the first wellbore casing; 
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wherein the inside diameter of the radially expanded shoe Is greater 
than or substantially equal to the inside diameter of the radially 
expanded secx>nd wellt)ore casing; and 

wherein the inside diameter of the radially expanded second wellbore 
casing is substantially equal to the inside diameter of a 
nonovertapping portion of the first wellbore casing. 

80. A method of forming a tubular structure in a subterranean formation having a 
preexisting tubular member positioned In a borehote, comprising: 

installing a tubular liner, an expansion cone, and a shoe in the borehole; 

radially expanding at least a portion of the shoe by injecting a fiuidic material 
into the shoe; 

lowering the expansion cone into the radially expanded portion of the shoe; 
radially expanding the expansion cone; 

radially expanding at leasta portion of the tubular liner by iniecting a fiuidic 
material into the borehole below the radially expanded expansion oone; 
and 

overlapping a portion of the radially expanded tubular liner with a portion of the 
preexisting tubular member to provide a load bearing interface and a 
fiuidic seal; 

wherein the inside diameter of the radially expanded shoe is greater than or 

substantially equal to the inside diameter of the radially expanded 

tubular liner, and 
wherein the Inside diameter of the radially expanded tubular liner is 

substantially equal to the Inside diameter of a nonovertapping portion of 

the preexisting tubular member. 

81 . An apparatus for forming a tubular stmcture In a subterranean formation having a 
preexisting tubular mennber positioned in a borehole, comprising: 

means for installing a tubular liner, an expansion oone, and a shoe in the 
borehole; 

means for radially expanding at least a portion of ttie shoe; 
means for lowering tt^e expansion cone into Vne radially expanded portion of the 
shoe; 

means for radially expanding ttie expansion cone; 

means for radially expanding at least a portion of the tubular linen and 
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means for overiapping a portion of the radially expanded tubular liner with a 

portion of the preexisting tubular member to provide a load bearing 

Interface and a fluidic seal; 
wherein the inside diameter of the radially expanded shoe is greater than or 
5 substantially equal to the inside dianieter of the radially expanded 

tubular linen and 
wherein the inside diameter of the radially expanded tubular liner is 

substantially equal to the inside diameter of a nonoverlapping portion of 

the preexisting tubular member. 

10 

82. A tubular structure positioned in a borehole within a subterranean fidnnnation, 
oomprising: 

a first tubular member, and 

a second tubular niember coupled to and overlapping with the first tubul£^ 
15 member. 

whertin the second tubular member is coupled to the first tubular member by 
the process of: 

installing the second tubular member, an expansion cone, and a shoe in 
the borehole; 

20 radially expanding at least a portion of the shoe by injecting a fluidic 

materteit into tf)e shoe; 
lowering the expansion cone into the radially expanded portion of the 
shoe; 

radially expanding the expansion cone; 
25 radially expanding at least a portion of the second tubular memtxer by 

injecting a fluidic material into the borehole below the radially 
expanded expansion cone; and 
overiapping a portion of the radially expanded second tubular member 
with a portion of the first tubular member, 
30 wherein the inside diameter of the radially expanded shoe is greater 

than or substantially equal to the inside diameter of the radially 
ex|3anded second tubular member; and 
wherein the inside diameter of the radially expanded second tubular 
member is substantially equal to ttie inside diameter of a 
35 norK>verlapping portion of ttie first tubular nierrit)er. 
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